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A miniaturerocketmotorwasdesi~edanddevelopedtoproduce
3 ouncesofthrustfora durationof 2 seconds.Therocketissimply
designed,safetooperate,easilyhandled,andgivesreproducibleper-
formance.Standardsolid-propellant-rocketdesigntechniqueswerefound
tobe notwhollyapplicabletothedesignofmjniatuerocketsbecause
ofexcessiveheatlosses.

INTRODUCTION

Free-flyingdynamicscalenmdelsareusedfrequen -. ?-Wing
aerodynamicresearchdata. Thesemodelsgenerallyuse - .::aerody-
namicsurfacesinorderto furnishdisturbingorrester,- ‘:orcesand
momentsforpurposesof investigatingtheresponseofthemodel.Often,
theseaerodynamicsurfacesareinunsteadyorunlmownflowfields;con-
sequently,themagnitudesofforcesormomentsbeingappliedarenot
accuratelyknown.Theuseof and-lrocketstoproducetherequireddis-
turbingforcesormomentsminimizesthesedifficulties.Rocketmotors
havebeenusedwithgoodresultstodisturbtheflightofrocket-powered
researchmodelsinpitchandyaw. Recently,a requhementforthedis.
turbanceofa free-spinntigmodelintheLamgley20-footfree-spinning
tunnelresultedinthedevelopmentofa miniaturerocketproducing
3 ouncesofthrustfor2 seconds.(Seeref.1.) Inasmuchaspresently
knownsolid-propellant-rockettechniqueswereinadequateforthedesign
ofminiaturerockets,theengineeringmethdsnecessarytoproducethe
desiredcharacteristicsandthestepsofresearchanddesignnecessary
to fabricatesucha rocketaxepresentdherein.

SYMBOLS

A area,sqin. .

. Cd dischargecoefficient,persec

CF thrustcoefficient
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Umeter, in.

thrust, ozor-lb

specificimpulse,lb-see/lbor sec

totalimpulse,oz-secorlb-see

restrictionratio,S/A~

stiticpressure,lb/sqin.abs

propellantburningrate,in./sec

propelMntburningsurface,sqin.

time, sec

missdischar~rate,lb/see

ratioof specificheats

,

SuMcripts:

a atnmspheric

c rocketconibustionchauiber

e exit

t rocketthroat

DESIGNPROCEDURE

Accordingtothedesignrequirementsspecifiedfortheminiature
rocketofreference1, therocketmotorwastoproduce3 ouncesof
thrustfora durationof 2 secondsandwastoweighlessthan20grams.
No conrnerciallymanufacturedrocketmotorwasavailableor couldbe
modifiedtomeettheserequirements.Theweightrequirementstipulated
a miniaturerockethavinga propellantthatwouldoperateatlowpres-
suresinordertokeeptheweightofthemetalpartstoa minhum.
CorditeStJ/K,a double-baseexkudsdpropellantof&itishorigin,was
selectedbecauseof itsdesirableIdlisticpropertiesatrelativelylow
operatingpressuresandbecauseitcouldbe easilymachined.A design “
chsmiberpressureof315lb/sqin.abswaschosenbecausepastexperience
hadshownthatrocketnmtorsusingCorditeSU/Kpropellantwi13sometimes
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enteranunstableburningperiodreferredto as “chuffing”if lower
operatingpresswesoccur.(We ref.2.)

An end-burningchargeintheshapeofa circularcylinderwas
chosento studytheparametersofsurfaceareaandlengthnecessaryto
producethedesiredresultsandto givea reasonableshapeto therocket -
motor.Thepropellantchargewastobe inhibitedonalllateral.surfaces
andatoneehdinordertoproduceendburningalongtheaxisofthepro-
pellant.A simpleorifice-@penozzlewithanarearatioAe/~ of 1
wasselectal.Forpreliminarydesi~purposesstandardinternal-ballistic
equationswereusedtodeterminetheMtial propellantsize. Theseegya-
tionsmaybe foundinreference2. Sincetheratioofnozzleexitarea
tonozzlethroatareawas
throatpressurept. The
lowingequation,by wing
315lb/sqin.abs:

1,theexitpressurepe waseqyalto the
exitpressme pe wascomputedfromthefol-
theassumedvalueof chamberpressurePc of

()
*

Pe 2-= 315X 0.555= 175lb/sqh. abs‘Pt=pc 7+1

wherethevalueof 7 wasdetermhmd.tobe 1.25forCorditeSU/Kpro-
pellant.Sincethevaluesfor Ae/~, PC, pe, 7,andreq@ed thrust
areknown,a valueforthrustcoefficient
area At maybe calculatedasfollows:

C!_fIandrequfndnozzlethroat

F
At===

0.1875
F = o.m14~ Sqin.

= 1.20

Thepropellantburningarea S isdeterminedfromtherestriction
ratio K = sl~. Therestrictionratiorequiredisa @nctionofdesign,
chsmberpressureandmustbe determhedfrome~er3nentaJdata. Fig-
ue 1 showsthevariationofrestrictionratio K andburningrate r
withchsmberpressurePc forfull-scalerocketfiringsofCorditeSTJ/K
propellant.Thesedatawereobtainedfrompreviousstaticfiringtests
ofmanyfull-scaleCorditerocketmotors.Figure1 showsthat,fora

. designchamberpressurePc of315lb/sq in.abs,therestrictionratio
requiredis207. Thepropellantburningsurfacearea,therefore,must
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be 0.102squareinch.Figure1 alsoshowstheburningratetobe
0.227inchpersecond.Therefore,fora 2-secondduration,thepro-,
pellantlengthmustbe 0.4~ inch.~ usingtheabovecalculatedsize,
a chargeintheshapeofa rightcticularcylinderwasmachinedfrom
propellantstock.

An 5nhibitingmaterialwasneededthatwouldwithstsmdthehigh
temperate@ erosiveeffectsofthepropellantgasandwouldcause
thepropellanttoburnprogressivelyrearwsxdinordertomatitatia
constantburnjngsreaandthedesiredburdngrate. Thisinturnwould
causethepressurelevelto remainconstant@ therebyproducethe
re*&l 3 ouncesofthrust.Also,theinhibitingmaterialshouldnot
causea changeintieballisticpropertiesofthepropellant.Thepro-
pellantwaswrappedwithseverallayersof celluloseacetatetapeassm
inhibitorforinitislltests.

An igniter wasmadeby uiilizinga comnerciaMyinm.facturedmatch-
typesquibwhichconsistsofa cardboardtubecontainingtwoinsulat~
wireswitha matchheadattheendandhavinga sulfurizedcompoundas
a filQerandtisulatingmaterial.Thesquibwasheldinplaceby a
metal.nuttitheigniterholderwhichwasplacedatrightanglesto the
propellantchsmber.Theoriginaltestrocketwasconstructalof
W 1020steelwitha removableheadcap.

TESTPROCEDUREA30)ANliGYSISOFRESULTS

Instrumentation
.

Thethruststandwed intheexperimentalrocket
of a deflectdtablewhichtransmitklthethrustload
gageforcepickup.An electricalstrain-gagepressure

testsconsistd
to a smallstrain-
pickupwasconnected

to a pressureprobeinstalledintherocketchamberwall. Theseinstru-
ments,inconjunctionwitha recordingoscillograph,gavecontinuous
recordsofthrustandpressureasa functionoftime.A miniatmerocket
is shownmount~onthethruststsmdinfigure2.

.
ResultsofPreliminaryTests

l?igm?e3 showsa thrust-thehistoryobtatiedfromoneof the
initialminiature-rocket-motortests.Severalstaticffiingsof‘the
rocketmotorrevealedthefollowingconditions:improperignition
characteristics,lowthrustandpressureparticularlycluinginitial.
burdng,andunsatisfactoryinhibitingofthepropellant.Thesecondi-
tionswereatlmibutedto a lackof igniterflammability,severeheat

.
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lossesimmediatelyafterignition,andinsufficientpropellantburntng
surfacenecessaryto sustain3 ouncesofthrust.

M orderto increasetheflsrumabfii@oftheiguiter,thematch-
headendofthesquibtubewasfU&d titha fine-gratiedblackpowder
cementedinplacewithu acetoneadhesive.Jhorderto hprovethe
inhibitorandtomaintaina constantburningrate,a methodwasdevised
tofabricatea phenolicshell,whichwasthenbondedto thepropellant
by a coatingofanepoxyadhesiveontheinsideoftheshellandlateral
propellantsurface.

A studyofthetestresultsrevealedthatthepropellantexperienced
a severeheatlosstothechamberWEUS immediatelyafteriaition. This
heatlossinminis.twerocketsismuchgreaterthantheheatlossoccurring
h largerrocketsbecausethepropellantgivesoffheatto thechamba
wallsat a rateproportionaltothecubeofthescalefactor,amdthe
metalpsrtsabsorbtheheat
scalefactor.

. Inorderto compensate
modifiedby theadditionof

ata rateproportionaltothesquareofthe

fortheheatlossthepropellantgrab was
anuninhibit~cylindricalprotrusion

0.25inchindiameterand0.05inchlong.Thisprotrusionalsocompen-
satedforthelowthrustimmediatelyafterignition.Staticfiringtests
usingthenewchargedesignwithincreasedsurfaceareaweremade. The
resultsofthesetestsdisclosedthattheadditionalsurfacemea compen-
satedfortheheatlossandmaintainedtherequiredthrust.However,this
alsoresultedina higherchamberpressure(353lb/sqin.abs)anda higher
propellantburningrate. Consequently,itwas@o necessaryto increase
thelengthofthepropellantchargeinordertoachievea 2-secondburning
time.A thrust-thecurveobtainedfromthestaticfiringofthiscompen-
satedpropellantdesignisshownby thedashed-lJnecurveinfigure3. The
resultsshowthatsolid-propellant-rocketdesigntechniques,takenfrom
full-scalefirings,canbe appliaiintheinitialdesignofminiatme
rocketsbutcompensatorymethodsmustbe utilizedbecause
heatlossesencountered.

ResultsofTestsofRevisedRocketDesign

of excessive

Msmystaticfiringsoftherevisedrocketdesignweremadetodeter-
mineitsballisticckacteristicsandserviceabili~.Figme 4 shows
thrust-timecurvesforseveralstaticfiringsoftheminiaturerocket.
Thesedatashowtherockettohavecloserepeatabilityofperformance.

Theimter designprovedtobe satisfactory.However,afterseveral
firingsa phenolicnutinsteadofa metalnutwasfabricatedtoholdthe
ignitersqtibbecausethistypeofconstructionprovidedan inexpensive
reliableigniterthataffordsa pressure-reliefdeviceb theevent



NACATN36206
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cbmib~pressurebecomeshighenoughto causea possibleruptureof .

caseanddangertotheusersoftherocketordamagetothemodels.
phenolicnutwassealedinplace@th thesameepoxyadhesiveused

astheinhibitingmaterial.Theinhibitorwascompletelysatisfactory
b thatitcausedno variationintheballisticpropertiesofthepro-
pellant.Tnorderto s5mplifytheales@ @ Wure positioningofthe
propellanttithechamber,theheadcapwasmadean integral.partofthe
inhibitorshell;thus,thedesignprovidesan inexpensiveexpendable
unitconsistingofpropellant,inhibitor,andheadcapallinonepiece.
Repeatedstaticfiringsof-thereusablerocketcaserevealeda lossof
thrustcausedby an enlargedorificecreatedby erosivepropellantgas
flowduringb~. lhorderto avoidthisproblemtherocketcase
wasmmiifiedto incorporatea replaceablenozzleblockas shownby a
cutawaysketchoftheminiaturerocketandcomponentsinfigure5. The
miniaturerocketincorporatingthesemodificationsprovedtobe simply
designed,safeto operate,easilyhandled,andto givereproducible
performance.Performancee characteristicsofthemtniaturerocketare
compiledintable1.

“

COI?CIJJDINGRlmAFm

A miniaturerocketmotorwasdesign~anddevelopedto~oduce
3 ouncesofthrustfora durationof2 seconds.Stadardsol.id-~opellant-
rocketdesigntechniqueswerefoundtobe inadeqwteforthedesignofa
tiiatwe rocketbecauseof excessiveheatlosses.

-ey AeromuticalIaboratov,
NationalAdvisoryConmitteeforAeronatiics,

Ue’y ~e~, Va.,Nove@er 25,1955.
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TABLEI.-WEIQITSAND
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PERIWRMKNCECHARACTERISTICSOF

Weightofrocketmotorcomponentsingrsm.s:
Rocketmotorcade . . . . . . . . . . .
bhibitedpropellantandshell. . . . .
CorditeSU/Kpropellant. . . . . . . .
I@iterassembly ● *....
Rocketmotorandcc&&&&” . . . . . .

●

✎

●

✎

●

.
●

✎

✎

●

● ☛

● ✎

✎ ✎

✎ ✎

● ✎

. . . .
●

●

✎

✎

..*
● ✎☛☛

.

.

ExpertientaXlydeterndnedperformancee parameters(average
at3 ouncesofthrust):

Nozzledischsrgecoefficient,Cd,persec
Thr~t coeffici~t,CF . . . . . . .
Specificimpulse,Ispjsec. . . . .
Totalhupulse,~, oz-sec. . . . .
Dischargerate,w, lb/see. . . . .
Adiabaticflsmetaperature,OF . .
Chsmberpressure,pc,lb/sqin.abs
Restrictionratio,K . . .-.. . .

.

.

.

.

.

.

.

.

.

.

.
●

✎

✎

Nozzleexitpressure,pe, lb/sqin.abs
Bwningtime,t, sec..... . . . .

.

●

✎

✎

✎

✎

✎

●

✎

.

●

✎

●

✎

✎

✎

●

✎

✎

.

.

.

.

●

●

✎

●

✎

✎

●

●

✎

●

✎

✎

●

●

✎

●

.

.

.

.

.

.

.

.
●

●

●

✎

✎

✎

✎

✎

✎

✎

9

●

. .

. .

●

●

●

●

✎

.

.
●

●

●

14.17
2.44
1.16

●

●

✎

✎

●

●

●

✎

●

✎

.

.

.

●

✎

●

✎

●

✎

✎

values

● 0.00745
.9

8

.

.

.

●

.

●

●

1.08
145

6.50
0.0013
3,800

353
205
196

2
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100 200 400 600 800 1200

Chamberpressure,PC, lb/sq in. abs

Figure1.-Variationofburningrateandrestrictionratiowithchamber
pressureforfull-scalerocket-motorfiringsusingBritishCorditeSU/K
propellant.
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Figure 2.- st8tic -mruSt stand and Strain @@
mounted.
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L-8761@.1
with the miniature rocket
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Figure3.-Variation of thrust with time for two props-t designs.
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Figure 4.- Veriation of thrust with time for three firings of the minia-
ture rocket Aoning repeatabilitytasts.
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Ignition powder

I_ Igniter chamber

_ Rocket chamber

f\ h“ Mb ~ Inhibitor shell with head cap

~’

~ fiJozz[g block

~Propellant

Figure 5.- Sketch of miniature rocket showing
firing circuit.
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the various components eml


